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Abstract 
The aim of this study was to show whether
connexin43  (Cx43)  expression  in  gonads  is
affected by an anti-androgen action. To per-
form this test, pigs were prenatally (on gesta-
tional days 20-28 and 80-88; GD20, GD80) and
postnatally  (on  days  2-10  after  birth;  PD2)
exposed to flutamide, which was given in five
doses  every  second  day  and  its  effect  was
observed  in  prepubertal  gilts  and  boars.
Morphology and expression of Cx43 was inves-
tigated in testes and ovaries by means of rou-
tine  histology,  immunohistochemistry,
Western  blotting,  and  RT-PCR.  In  boars
exposed to flutamide varying degrees of semi-
niferous tubule abnormality, including reduced
number of Sertoli cells, tubules with severely
dilated lumina and multinucleated germ cells
were observed, whereas in gilts, the adminis-
tration  of  flutamide  at  GD20  resulted  in
delayed folliculogenesis. Only follicles at the
preantral  stage  were  observed.  Qualitative
analysis of immunohistochemical staining for
Cx43  was  confirmed  by  quantitative  image
analysis,  where  the  staining  intensity  was
expressed  as  relative  optical  density  of
diaminobenzidine  deposits.  After  flutamide
exposure, statistically significant increase in
Cx43 signal intensity was observed between
interstitial  tissue  of  GD20  and  control  pigs
(**P<0.01), between seminiferous tubules of
PD2  and  control  boars  (**P<0.01)  and
between theca cells of GD80, of PD2 and con-
trol gilts (**P<0.01). In contrast, statistically
significant decrease in Cx43 signal intensity
was found between granulosa cells of GD20, of
PD2 and control gilts (**P<0.01 and *P<0.05,
respectively) and between theca cells of GD20
and control gilts (**P<0.01). Since we demon-
strated changes in gonad morphology and in
the expression of Cx43 at the level of protein of
prepubertal boars and gilts, it seems possible
that  flutamide,  through  blocking  androgen
action, causes delayed gonadal maturation in
later postnatal life and, among other factors,
may be involved in the regulation of Cx43 gene
expression in pig gonads.
Introduction
A growing number of animal studies show
that  environmental  endocrine  disrupting
chemicals, including anti-estrogens and anti-
androgens, have the potential to affect repro-
ductive development and function of male and
female gonads.
1-3 Suspected androgenic chemi-
cals  or  anti-androgens  are  known  to  hinder
androgen action by inhibiting receptor binding
of  androgen  and/or  nuclear  retention  of  the
androgen complex. As a consequence, repro-
ductive  tissues  are  frequently  abnormally
developed or under-developed.
4 The effects of
flutamide and of another anti-androgen, vin-
clozolin, on the hypothalamo-pituitary-gonadal
axis have been demonstrated in rats
.5-8 In pigs,
only one study describes the effect of maternal
flutamide exposure on male offspring,
9 where-
as  scarce  information  is  available  regarding
possible impact of anti-androgens on the pro-
teins involved in the gap junctional communi-
cation within the gonads.
Gap junctions provide the pathways for meta-
bolic  and  electrical  intercellular  communica-
tion. It is well established that the cell-to-cell
communication in testes and ovaries is mediat-
ed  by  gap  junctions  channels,  predominantly
comprising  connexin  43  (Cx43)  protein.
10-14
Cx43 is thought to play an important role on the
control of gonad development,
15,16spermatogene-
sis  and  folliculogenesis.
17-20 Direct  evidence  of
the role of Cx43 gap junctions in reproduction
has  been  shown  in  mice  missing  the  Cx43
gene.
21-22 In mind to show whether androgens
are involved in the regulation of gap junctional
communication,  we  sought  to  demonstrate
whether prenatal and neonatal exposure of the
antiandrogen  flutamide  had  an  effect  on  the
expression of Cx43 in male and female gonads
of prepubertal pigs. Previously, we have demon-
strated  the  effectiveness  of  flutamide  at  the
dose of 50 mg/kg b.w. that was manifested by the
alterations in anogenital distance as the early
marker  of  androgenicity.
23 It  should  be  added
that in the study by Durlej et al.
23 we found no
obvious changes in gonad morphology and in
Cx43 expression of neonatal pig offspring after
in utero exposure to flutamide.
23 In this context,
the question arises whether flutamide is able to
exert its effect later in postnatal life. This was
investigated by means of routine histology, qual-
itative and quantitative immunohistochemistry,
Western blot and RT-PCR. 
Materials and Methods
Animals and experimental design
Three-month-old  prepubertal  pigs  (n=24)
(Large White x Polish Landrace) originating
from six litters were allotted into three groups
of experimental animals of each gender and
respective control groups. The first two groups
of experimental animals were exposed prena-
tally  on  gestational  days  20-28,  and  80-88
(GD20  and  GD80)  to  an  anti-androgen  flu-
tamide  (2-methyl-N-[4-nitro-3-(trifluorome-
thyl)-phenyl]propamide;  Sigma-Aldrich,  St
Louis, MO, USA). The third group was treated
with flutamide postanatally on days 2-10 after
birth (PD2). The control animals of each gen-
der  were  given  a  vehicle  only  (corn  oil).
Flutamide was given in five doses (50 mg/kg
body weight; every second day). Dose and time
of exposure to flutamide were based on the lit-
erature  and  on  our  own  data,  previously
described in detail.
23
The testes and ovaries were obtained from
90-100-day-old  animals,  irrespective  of  the
time of flutamide exposure. All surgical proce-
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dures were performed by a veterinarian and
followed  approved  guidelines  for  the  ethical
treatment of animals in accordance with the
Polish  legal  requirements  under  the  licence
given  by  the  Local  Ethics  Committee  at  the
Jagiellonian University (No. 4/2008).
Tissue preparation and immuno-
histochemistry
Both testes and ovaries were cut into small
cubes and immersion-fixed in either Bouin’s
fixative or in paraformaldehyde (PFA; 4%, v/v)
for  routine  histology  (haematoxylin-eosin
staning,  H-E)  and  immunohistochemistry,
respectively. Then, dehydrated in an increas-
ing  gradient  of  ethanol,  cleared  in  xylene,
embedded  in  paraplast  (Monoject  Scientific
Division of Scherwood Medical, St Louis, MO,
USA) and cut at 5 µm thick sections. Other tis-
sue fragments were immediately frozen in liq-
uid nitrogen for RNA and protein extraction.
After  dewaxing  and  rehydration,  sections
were  heated  in  a  microwave  to  optimize
immunohistochemical  staining.  The  whole
procedure  has  been  previously  described  in
detail.
24 Briefly, the sections were incubated in
the  presence  of  a  rabbit  polyclonal  antibody
against  Cx43  (a  final  concentration  of  0.25
µg/mL; Sigma-Aldrich). Next, biotinylated sec-
ondary antibody, goat anti-rabbit IgG (a final
concentration  5  µg/mL;  Vector  Lab.,  Burlin-
game  CA,  USA)  was  applied.  Finally,  avidin-
biotinylated  horseradish  peroxidase  complex
(ABC/HRP; Dako/AS, Glostrup, Denmark) was
used.  Peroxidase  activity  was  visualized  by
3,3'-diaminobenzidine  tetrachloride  (DAB;
Sigma-Aldrich). Sections incubated with nor-
mal goat serum instead of primary antibody
were  used  as  negative  controls.  All  sections
were examined with a Nikon Eclipse micro-
scope (Japan) using bright field illumination.
Qualitative and quantitative evalu-
ation of the immunohistochemical
reactions
Immunohistochemical  staining  for  Cx43
was evaluated qualitatively in at least 20 serial
sections of testes and ovaries from each exper-
imental  group.  The  slides  were  processed
immunohistochemically at the same time and
with the same treatment, in order to obtain
comparable  Cx43  staining  intensities.  The
cells  were  considered  immunopositive  if
brown  reaction  product  was  present  and
appeared as a signal between testicular cells
and between ovarian cells; the cells without
any specific immunostaining were considered
immunonegative.
25
In  order  to  evaluate  quantitatively  the
immunohistochemical reaction intensity, digi-
tal color images were obtained by a CCD Video
Camera (KY-F55, JVC) mounted on an optical
microscope  (Microphot,  Nikon,  Japan)  and
connected to a video capture card (PV-BT878P,
Prolink, Taiwan), installed on a personal com-
puter.  Images  of  the  testes  (seminiferous
tubules  and  interstitial  tissue)  and  ovaries
(granulosa cells and interstitial tissue) were
captured  by  a  20x  objective,  as  previously
described.
23 Image  processing  and  analyses
were  performed  using  the  public  domain
ImageJ software (National Institute of Health,
Bethesda,  MD,  USA).  The  intensity  of  the
immunohistochemical reaction was expressed
as relative optical density (ROD) of diamino-
benzidine brown reaction products and calcu-
lated  by  means  of  the  formula  described  by
Smolen.
26 A total number of 64 testicular and
ovarian sections (n=8 per group) were sub-
jected to image analysis. The results of 10 sep-
arate measurements for each of testicular and
ovarian  compartments  were  expressed  as
mean  ±  SD.  Statistical  differences  were
assessed by analysis of variance (ANOVA) with
Tukey’s post hoc comparison test.
Western blot analysis
Tissues  were  homogenized  on  ice  with  a
cold  Tris/EDTA  buffer  (50  mmol/L  Tris,  1
mmol/L  EDTA,  pH  7.5),  sonicated  and  cen-
trifuged at 10,000 x g for 20 min at 4°C as pre-
viously described.
27 In brief, the protein con-
centration  for  each  sample  was  estimated
using the Bradford dye-binding procedure with
BSA as a standard.
28 Homogenates containing
20 μg of protein were solubilized in a sample
buffer  (Bio-Rad  Labs,  GmbH,  München,
Germany) and heated at 99.9°C for 3 min. After
denaturation  the  samples  were  subjected  to
electrophoresis on SDS-PAGE gels (12%, v/v),
according  to  Laemmli.
29 Separated  proteins
were transferred onto a nitrocellulose mem-
brane using a wet blotter in the Genie Transfer
buffer (pH 8.4) for 90 min at a constant voltage
of 135V. Then, blots were blocked overnight at
4°C with shaking in a solution of non-fat dry
milk (5%, w/v) in TBST, followed by incubation
with rabbit polyclonal antibody against Cx43 (a
final  concentration  of  0.0625  µg/mL;  Sigma-
Aldrich) for 1.5 h at room temperature. β-actin
was used as an internal control (a final con-
centration of 1.0 µg/mL; Sigma-Aldrich). The
membranes were washed and incubated with a
goat anti–rabbit IgG linked to the horseradish-
peroxidase (a final concentration of 0.5 µg/mL;
Vector Lab.) for 1h at room temperature. Then,
bound  antibody  was  revealed  using  3,  3’-
diaminobenzidine as the substrate (DAB; 0.5
mg/mL).  Finally,  the  membranes  were  dried
and  then  scanned  using  Epson  Perfection
Photo Scanner (Epson Corporation, CA, USA).
Molecular mass was estimated by reference to
standard  proteins  (Fermentas,  GmbH,  St.
Leon-Rot, Germany). For positive controls pig
heart was used.
Reverse transcription and 
polymerase chain reaction 
Total  cellular  RNA  from  pig  testes  and
ovaries was isolated using Nucleo Spin RNA II
(Macherey-Nagel  GmbH  &  Co.  KG,  Düren,
Germany),  following  the  manufacturer’s
instruction.  Oligonucleotide  primers  pairs
were  constructed  (Institute  of  Biochemistry
and  Biophysics  PAS,  Poland)  based  on  the
sequence  of  the  porcine  Cx43  gene
30 (5’-
GGTGGACTGTTTCCTCTCTCG-3’  and  5’-GGA  -
GCAGCCATTGAAATAAGC-3’).  For  the  loading
control the porcine GAPDH (glyceraldehyde-3
phosphate  dehydrogenase)  gene  was  used
30
(5’-GGACTCATGACCACGGTCCAT-3’  and  5’
TCAGATCCACAACCGACACGT-3’).  The  whole
procedure was previously described.
31 Briefly,
complementary  DNA  was  synthesized  from
total RNA (1µg) using MMLV reverse transcrip-
tase  (Invitrogen  Corp.,  Camarillo  CA,  USA).
PCR  amplification  was  performed  in  a  total
reaction volume of 10 µL containing 1 µL of
cDNA template, 10 µmol/L forward and reverse
primers,  10  mmol/L  of  dinucleotide  triphos-
phate,  10  x  PCR  buffer  and  2  units  of
DyNAzyme  II  polymerase  (Finnzymes,
Finland). PCR conditions were: 1x (95˚C for 4
min), 35x (95˚C for 30 sec, 65˚C for 30 sec,
72˚C for 45 sec) for Cx43, and 1x 94˚C for 4
min, 35x (94˚C for 45 sec, 57˚C for 45 sec, 72˚C
for 90 sec) for GAPDH, and 72˚C for 7 min.
Genomic  DNA  amplification  contamination
was  checked  periodically  by  control  experi-
ments, where reverse transcriptase was omit-
ted during the RT step. All PCR products (7.5
µL of 10 µL total reaction volume) were elec-
trophoresed in agarose gels (1.5%, w/v) con-
taining ethidium bromide and visualized over
UV light. The sizes of the PCR products were
estimated  by  reference  to  the  100  bp  DNA
Marker (Promega, Southampton, UK).
Results
Male and female gonad morphology
Testes and ovaries of immature control pigs
exhibited a typical morphology. More precisely,
in well-developed interstitial tissue the Leydig
cell  clusters  were  seen,  while  Sertoli  cells,
prespermatogonia  and  spermatogonia  were
observed in the seminiferous tubules. The lat-
ter frequently moved through the lineage of
Sertoli cells to the basal lamina (Figure 1A). In
ovarian  sections,  numerous  preantral  and
antral follicles with normally developed com-
partments were observed (Figure 2A-B).
Varying  degrees  of  seminiferous  tubule
abnormality,  including  reduced  number  of
Sertoli  cells  mainly  present  at  GD20  boars
(Figure 1B), were observed in testes of boars
Original paperfollowing exposure to flutamide, while tubules
with severely dilated lumina (Figure 1C-F) and
multinucleated  germ  cells  were  frequently
seen in GD80 and PD2 boars (Figure 1D, F).
Exposure  of  gilts  to  flutamide  at  GD20
resulted  in  delayed  folliculogenesis.  In  such
ovaries, only follicles at the preantral stage and
younger were observed (Figure 2C), whereas
in ovaries from pigs exposed to flutamide at
GD80  either  failure  in  developing  follicles
(Figure 2D) or abnormal antral follicles were
noticed (Figure 2E). Moreover, the thickening
of  the  interstitial  cell  layer  was  observed
(Figure 2D, insert). A normal folliculogenesis
was  seen  in  the  pig  ovaries  exposed  to  flu-
tamide from PD2; however, some antral folli-
cles  contained  apoptotic  granulosa  cells
(Figure 2F, insert), which were identified by
the TUNEL assay (not shown).
Cx43 localization and expression in
testes and ovaries
Qualitative analysis of immunohistochemi-
cal staining for Cx43 (Figures 1G-J, 2G-J) was
confirmed by quantitative image analysis, in
which the staining intensity was expressed as
relative  optical  density  of  diaminobenzidine
deposits (Figure 3).
In testes removed from control pigs, a focal
to linear localization of the Cx43 protein was
observed in the interstitial tissue on the cellu-
lar  membrane  between  neighboring  Leydig
cells, whereas a focal signal only was observed
in the seminiferous tubules between the adja-
cent Sertoli cells and between Sertoli cells and
germ cells (Figure 1G). After flutamide expo-
sure,  it  was  observed  a  distinct  increase  in
Cx43 signal intensity in the interstitial tissue
of GD20 pigs and in the seminiferous tubules
of PD2 vs control males (Figure 1H, 1J) and
differences were found as statistically signifi-
cant (**P<0.01) (Figure 3A). Interestingly, the
distribution of the reaction product between
Sertoli cells of PD2 males was mainly linear
(Figure 1J), whereas in the interstitial tissue
the pattern of staining was similar to the con-
trol one. However, after flutamide exposure at
GD80 no statistically significant differences in
the  intensity  of  Cx43  staining  were  found
either in the interstitial tissue or in the semi-
niferous tubules when compared with the con-
trol (Figure 1I, Figure 3A).
In the ovaries of control pigs, Cx43 signal
was localized in the adjacent granulosa cells of
preantral and antral follicles (Figure 2G). After
flutamide exposure, the pattern of Cx43 stain-
ing was similar to the control, while the inten-
sity of staining varied in comparison with the
control (Figure 2H-J). There was a significant
decrease in the Cx43 expression in the granu-
losa cells of GD20 (**P<0.01) and PD2 pigs
(*P<0.05), as well as in the theca cells of GD20
pigs (**P<0.01) compared with the control. In
contrast, flutamide exposure at GD80 and PD2
caused statistically significant increase in the
staining  intensity  within  theca  cells
(**P<0.01),  (Figure  2I-J,  Figure  3B).  For
details, see Table 1. Whatever the tissue, when
the primary antibody was omitted, no positive
staining for Cx43 was detected (Figures 1J, 2J
inserts).
In Western-blot analysis of all ovarian and
testicular  homogenates  Cx43  appeared  as  a
single band of approximately 43 kDa (Figure
4). The intensity of immunoblots was slightly
higher  in  testes  and  ovaries  of  flutamide
exposed  pigs  than  in  the  control  ones.  The
Original paper
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Figure 1. Testes histology of prepubertal control pigs (A) and flutamide exposed pigs at
GD20 (B), GD80 (C-D), PD2 (E-F) and immunolocalization of Cx43 in testes of prepu-
bertal control pigs (G) and flutamide exposed pigs at GD20 (H), GD80 (I) and PD2 (J).
Seminiferous tubules (ST); Interstitial tissue (IT). Scale bars represent 20 µm. (A) Well-
developed interstitial tissue with Leydig cell clusters and seminiferous tubules with Sertoli
cells  (arrows);  prespermatogonia  (small  arrows)  and  spermatogonia  are  visible.  (B)
Normal structure of testicular compartments is visible. (C-F) Varying degrees of tubule
abnormality are present, ranging from completely normal tubules to abnormal tubules.
Note a distinct increase of the interstitial space, presence of numerous Leydig cells (C),
severely dilated lumina (D), numerous prespermatogonia (small arrow) in the center of
seminiferous tubules (E), regressed tubules (F) and multinucleated germ cells (arrow-
heads)  (D;  at  higher  magnification,  insert  in  F).  (G)  Linear  pattern  of  the  staining
between neighboring Leydig cells (arrows) and the focal pattern between Sertoli cells and
germ cells (small arrows) are visible. (H) Very strong intensity of the staining between
neighboring Leydig cells (arrows), (at higher magnification, insert in H). Weak staining
intensity between Sertoli cells and germ cells (small arrows). (I) Moderate to strong inten-
sity of the staining between Leydig cells (arrows). Note a further decrease in the staining
intensity between Sertoli cells and germ cells (small arrows). (J) Strong-to-very strong
intensity of the staining is observed between testicular cells of both compartments. Note
a distinct linear pattern of the staining between Sertoli cells and remaining germ cells. No
positive staining is visible when the primary antibody is omitted (an insert).[page 70] [European Journal of Histochemistry 2010; 54:e15]
analysis identified a 43 kDa band in pig heart
as well, run as a positive control (Figure 4). β-
actin as an internal control appeared as a band
of 42 kDa (Figure 4). 
Electrophoresis revealed the PCR-amplified
products of predicted sizes: 232 bp for Cx43
and  220  bp  for  GAPDH.  Screening  for  Cx43
expression  revealed  the  presence  of  a  tran-
script in all examined testicular and ovarian
samples corresponding to different time of flu-
tamide exposures (Figure 5). 
Discussion
The results presented herein demonstrate
that exposure to flutamide at different time of
porcine development, has a potential to induce
adverse effects on the gonad morphology and
to change the expression of Cx43 protein in
testes and ovaries of prepubertal pigs. 
The  treatment  with  flutamide  at  GD20,
GD80 and PD2 caused varying degrees of sem-
iniferous  tubule  abnormality  including
reduced number of Sertoli cells and delayed
testicular maturation. According to De Franca
et  al.,
32 the  inadequate  Sertoli  cell  number
causes a demasculinized testis. It is therefore
possible that the reduced Sertoli cell number,
following  flutamide  exposure,  causes  the
tubule  alterations  observed  in  prepubertal
boars. Furthermore, upon GD20 and PD2 we
observed  the  appearance  of  multinucleated
germ cells, being perhaps a result of inappro-
priate  cell  division,  although  Kleymenova  et
al.,
33 suggested that the formation of multinu-
clear germ cells in the fetal rat testis is caused
by  a  disruption  of  Sertoli-germ  cell  contacts
after  di(n-butyl)  phthalate  treatment.
However, it should be emphasized that di(n-
butyl) phthalate exerts anti-androgenic effect
by inhibition of testosterone production and
not of testosterone action.
Overall, the results obtained from flutamide-
treated pigs and those from the respective con-
trols  correspond  to  data  described  for  male
rodents
5,34-36 except  for  cryptorchidism,  fre-
quently observed in rats exposed to flutami-
de,
5,37,38 but not in our study.  
An impaired folliculogenesis, mostly mani-
fested by the presence of preantral follicles, in
prepubertal females was observed only in utero
in GD20 exposed gilts, though failure in devel-
oping  follicles  and  abnormal  antral  follicles
were noticed in GD80 gilts. 
Since no changes in gonad morphology have
previously  been  demonstrated  in  neonatal
piglets in utero exposed to flutamide,
23 we sug-
gest that in GD20 gilts a delayed gonadal mat-
uration appears in later postnatal life. Our pre-
liminary data on adult pigs (unpublished data)
seem to confirm the idea that flutamide caus-
es delayed effects, later in adult life.
Moreover, we provided immunohistochemi-
cal  evidence  that  Leydig  cells,  Sertoli  cells,
granulosa cells and theca cells are the main
cells expressing Cx43 in immature pig testis
and ovary, as described mostly in rodents. In
male rats, cell- and age-dependent distribution
of  Cx43  has  been  reported  by  Risley  et  al.
15
They showed that in Leydig cells, Cx43 expres-
sion increases with age, with maximal levels
in the adult, while in Sertoli cells the Cx43 con-
tent is maximal in immature testes. Similarly,
we observed a strong signal for Cx43 between
Sertoli  cells  and  germ  cells  in  control  pigs;
Original paper
Figure 2. Ovaries histology of prepubertal control pigs (A-B) and flutamide exposed pigs
at GD20 (C), GD80 (D-E), PD2 (F) and immunolocalization of Cx43 in ovaries of pre-
pubertal control pigs (G) and flutamide exposed pigs at GD20 (H), GD80 (I), and PD2
(J). Interstitial cells (IC); Granulosa cells (G); Theca cells (T); Antrum (A); Oocyte (O).
Scale bars represent 20 µm. (A) Numerous preantral follicles (small arrows) and antral fol-
licles (arrows) with well-developed compartments are visible. (B) Granulosa and theca cell
layers and antrum are seen. (C) A follicle at the preantral stage is seen. (D-E) Normal pre-
antral follicle (arrow) and abnormal antral follicle are observed. Note a distinct increase
of the interstitial cell space (insert in D). (F) Normal folliculogenesis is observed. Note
some antral follicles containing apoptotic granulosa cells (arrowheads) (at higher magni-
fication, insert in F). (G) Positive staining for Cx43 between adjacent granulosa cells
(arrows) and between theca cells (small arrow) of preantral (an insert) and antral follicles.
(H) A decline of the staining intensity between granulosa cells (arrows) is observed. Very
weak staining in theca cells is visible (small arrow). (I) Strong intensity of the staining
between adjacent granulosa cells of antral follicles (arrows). Note a distinct increase in the
staining intensity within theca cells (small arrows). (J) A similar pattern of the staining
and its differential intensity compared to (G). Note a moderate-to-strong intensity of the
staining between granulosa cells (arrows) and between theca cells (small arrow). No posi-
tive staining is visible when the primary antibody is omitted (insert in J).however, a decreased intensity of Cx43 stain-
ing, although not statistically significant, was
observed within the seminiferous tubules in
prenatally  exposed  boars.  Interestingly,  the
highest Cx43 signals were demonstrated in the
interstitial compartment of GD20 boars and in
the  tubular  compartment  of  PD2  males.
Differential response to flutamide may reflect
a possible ability of flutamide to antagonize
certain androgenic effects but agonize others,
as described in breast cancer cells.
39 A high
testosterone level after birth could explain lack
of alterations in the Cx43 protein level within
the interstitium of PD2 boars, which could not
effectively  be  blocked  by  the  used  flutamide
dose.
Recently,  the  effect  of  di(2-ethylhexyl)
phthalate  on  gap  and  tight  junction  protein
expression  has  been  demonstrated  in  the
testis  of  prepubertal  rats.
40 This  toxicant
caused a down-regulation of Cx43 by inducing
germ cell sloughing from the tubules.
Gap-junctional  coupling  provided  by  Cx43
channels is also necessary for ovarian follicu-
logenesis,  as  demonstrated  in  mouse  and
pig.
20,41,42 Our  results  confirm  the  studies  by
Wright et al.
43 and Granot and Dekel
44 demon-
strating the Cx43 expression in the granulosa
cells during follicle maturation. These authors
suggested  that  the  follicles,  being  hormone
responsive, reflect the influence of hormones
on the gap junction expression. In turn, the
expression pattern reflects developmental reg-
ulation, since growing follicles express Cx43
gap junction protein earlier on.
In  prepubertal  gilts  flutamide  exposure
induced significant alterations in the ovarian
Cx43 expression. It is likely that the effect of
flutamide on the female gonad is more pro-
nounced than in the male one, because the
androgen levels in females are low and could
be  blocked  by  the  anti-androgen  used.  As
shown in Figure 3 and Table 1, there were sta-
tistically significant differences in Cx43 signal
intensity between granulosa cells of GD20 and
PD2 pigs, as well as between theca cells of all
flutamide-treated gilts compared with controls.
Interestingly, Cx43 expression in theca cells
was found to be highest in GD80 and lowest in
GD20 gilts, indicating a differential response
to flutamide, as demonstrated in the male pigs.
A  significant  reduction  in  the  expression  of
Cx43 in GD20 ovaries with concomitant lack of
the antral follicles suggests flutamide as tar-
geting Cx43 protein and affecting the process
of  follicle  development.  Moreover,  this  indi-
cates that the expression of Cx43 protein in
the ovarian cells of prepubertal pigs is regulat-
ed, among other factors, by androgens. On the
other hand, Cx43 mRNA levels were found as
not generally regulated by androgens, except
for GD20 testes that showed a clear down-reg-
ulation. The latter corresponds to the earlier
Original paper
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Figure 3. Quantitative analysis of the intensity of Cx43 staining expressed as relative opti-
cal density (ROD) of diaminobenzidine brown reaction products in testicular (A) and
ovarian (B) compartments of pigs exposed to flutamide vs respective controls.  The values
expressed are the mean ± SD (n=10). Statistically significant difference between means
from control was analysed by ANOVA (*P<0.05, **P<0.01). ST, Seminiferous tubules; IT,
Interstitial tissue; GC, Granulosa cells; TC, Theca cells.
Figure 4. Western blot analysis of Cx43 in ovaries and testes of prepubertal pigs. Lane H
indicates pig heart used as the positive control. Further lanes indicate ovarian and testic-
ular samples of control pigs (C) and of those exposed to flutamide at GD20, GD80, and
PD2. β-actin indicates an internal control.
Figure 5. Demonstration of Cx43 gene expression and GAPDH as a loading control in
ovaries and testes of prepubertal pigs. Lane M contains a molecular weight marker. Lane
B indicates blank samples. Further lanes indicate ovarian and testicular samples of con-
trol pigs (C) and of those exposed to flutamide at GD20, GD80, and PD2. The sizes of
the PCR products are indicated on the right.
AB
Table  1.  The  intensity  of  Cx43  staining  expressed  as  relative  optical  density  of
diaminobenzidine brown reaction products in testicular and ovarian compartments of
pigs exposed to flutamide vs respective controls.  
Relative Optical Density
Control GD20 GD80 PD2
Testes
Semeniferous tubules 4.35±0.25 4.14±0.37 4.14±0.41 4.82±0.31**
Interstitial tissue 5.69±0.29 6.44±0.36** 5.38±0.41 5.47±0.33
Ovaries
Granulosa cells 6.27±0.72 3.72±0.33** 6.35±0.62 5.53±0.33*
Theca cells 3.47±0.42 0.42±0.25** 5.35±0.46** 4.54±0.28**
Values are expressed as mean ± SD, they are statistically different at *P<0.05 level or at **P<0.01. [page 72] [European Journal of Histochemistry 2010; 54:e15]
study  demonstrating  an  androgen-mediated
reproductive development in male rat offspring
following exposure to flutamide at early gesta-
tional  age
.34 However,  the  main  difficulty  in
understanding the steroid hormones role on
gap  junctional  communication  in  testes  and
ovaries comes from the fact that each gender
gonads  are  composed  by  several  cell  types,
which activity is controlled by various endo-,
para-, and/or autocrine factors. In a very recent
review,  Lui  and  Lee
45 have  summarized  the
molecular  mechanisms  by  which  hormones
(FSH and testosterone) and cytokines regulate
cell junction restructuring in the testis.
Overall, the present findings revealed that
androgens are somehow involved in the regu-
lation of Cx43 gap junction communication in
the gonads of prepubertal pigs. The question
arises on how gene expression for the Cx43 is
affected by the anti-androgen flutamide, which
has an influence on the gonad development
stage and may interfere with extrinsic and/or
intrinsic signaling pathways in the pig gonads.
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